GERAMI, M. -RAMEEH, V.: Study of silicon and nitrogen effects on yield components and shoot ions nutrient composition in rice. Agriculture (Poľnohospodárstvo), vol. 58, 2012, no. 3, pp. 93-98. Ing. Mahyar Gerami, Sana Institute of Higher Education, Mazandran, Sari, Iran, E-mail: mahyar.gerami@yahoo.com Dr. Valiollah Rameeh, Agriculture and Natural Resources Research Center of Mazandran, Sari, Iran. E-mail: vrameeh@yahoo.com (*Corresponding author) Key words: grain yield, hydroponics culture, potassium, silicon, rice Rice (Oryza sativa L.) is an important crop in Iran and other parts of the word and it is also a staple food of nearly one-half of world's population contributing high calorie intake. Silicon is considered as a beneficial and nitrogen as an essential element for rice production. In order to study the effects of silicon and nitrogen on some yield components and shoot nutrition ion compositions in rice, a hydroponic culture experiment was conducted under the greenhouse condition. Two factors, including silicon and nitrogen, each one with three levels (0, 50, and 100 ppm) were studied in a completely randomized design in factorial arrangement with 3 replications. The traits including panicle length, unfilled grains, 1000-grain weight and shoot ions including silicon, potassium, and nitrogen were significantly affected by applied silicon levels. All the traits were affected by nitrogen levels except unfilled grains and shoot potassium concentration. The highest grain yield was detected at 100 ppm of silicon application. Shoot silicon ranged from 5.01 to 6.92 ppm in 0 and 100 ppm silicon application. Shoot potassium was increased in high levels of silicon treatment. Significant negative correlation of unfilled grain with shoot silicon and potassium indicated that increasing these shoot ions had reduction effects on unfilled grains. Significant positive correlation was determined between shoot potassium and 1000-grain weight, implied that this trait was affected by indirect effect of silicon via shoot potassium increasing.
Rice (Oryza sativa L.) is an important crop in Iran and other parts of the word and it is also a staple food of nearly one-half of world's population contributing high calorie intake. Silicon is considered as a beneficial and nitrogen as an essential element for rice production. In order to study the effects of silicon and nitrogen on some yield components and shoot nutrition ion compositions in rice, a hydroponic culture experiment was conducted under the greenhouse condition. Two factors, including silicon and nitrogen, each one with three levels (0, 50, and 100 ppm) were studied in a completely randomized design in factorial arrangement with 3 replications. The traits including panicle length, unfilled grains, 1000-grain weight and shoot ions including silicon, potassium, and nitrogen were significantly affected by applied silicon levels. All the traits were affected by nitrogen levels except unfilled grains and shoot potassium concentration. The highest grain yield was detected at 100 ppm of silicon application. Shoot silicon ranged from 5.01 to 6.92 ppm in 0 and 100 ppm silicon application. Shoot potassium was increased in high levels of silicon treatment. Significant negative correlation of unfilled grain with shoot silicon and potassium indicated that increasing these shoot ions had reduction effects on unfilled grains. Significant positive correlation was determined between shoot potassium and 1000-grain weight, implied that this trait was affected by indirect effect of silicon via shoot potassium increasing.
93
Agriculture (Poľnohospodárstvo), 58, 2012 (3): 93−98 DOI: 10.2478 Silicon (Si) is a beneficial element for growth of rice (Oryza sativa L.) and other monocotyledon species (Savant et al. 1997; Ma 2003) . The rice shoot contains Si at a several-fold higher concentration than the other necessary macronutrients such as nitrogen (N), phosphorus (P), and potassium (K) (Agarie et al. 1996; Epstein 1999; Ma & Takahashi 2002) . Without Si, the growth of rice is considerably decreased and the productivity is markedly reduced mainly due to reduced fertility (Ma 2003) . Rice exhibits the greatest uptake of silicic acid in the grass family. With the application of large quantity of Si fertilizers, rice can accumulate Si in the stem and leaves up to 10-15% of its dry weight. A growing body of confirmation indicates that adequate uptake of Si can substantially increase the tolerance of rice and other crops to both abiotic and biotic stresses (Agarie et al. 1993; Matsuo et al. 1995; Datnoff et al. 2001; Ma & Takahashi 2002) . While all plants accumulate Si to some degree, the amounts accumulated vary greatly among species. When accumulated Si typically represents more than 1% of dry mass, the species is considered an Si-accumulator (Epstein 1999) . Many species of wetland grasses, notably rice, accumulate 5% Si or more in their leaf tissue. Rice requires large amounts of Si for growth and is considered as a beneficial element for rice production (Deren 1997; Ma 2004 ). There are several reports of beneficial effects of Si in rice crop (Marschner 1995; Takahashi 1995) . Agarie et al. Agriculture (Poľnohospodárstvo), 58, 2012 (Poľnohospodárstvo), 58, (3): 93−98 (1993 indicates that silicon application was effective in increasing dry matter production in the rice crop. In general, Si increases leaf area and keeps leaves erect, which improve crop photosynthesis. Nitrogen is also the most important macro nutrient for rice production (Yoshida 1981) . As a whole, nutrient supply influences plant growth by affecting dry matter production. The 90 percentage of dry matter production is producing by photosynthesis process in which it affects various resources such as light, CO 2 , water, and mineral nutrients. Increasing the supply of these inputs from the deficiency range increases the plant growth rate (Marschner 1995) . In green leaf cells, up to 75% of total organic N is located in the chloroplasts, mainly as enzyme protein.
A deficiency of N that is directly involved in synthesis of protein or chloroplast pigments or electron transfer, however, lowers the photosynthetic efficiency (Takahashi 1995) . Nitrogen is one of the most important plant nutrients and plays a vital role in plant photosynthesis and biomass production. Several studies showed that when N is slightly deficit within plants, the demand for NO 3 , free amino acid, and free amino N increases quickly, without necessarily bringing a simultaneous marked change in total nitrogen (Wang et al. 2005) . Increasing panicle numbers in per unit area is the main factor of yield increment, as the result of N application (Bindra et al. 2000) . Zhou and Wang (2003) indicated that in the tillering stage, the ratio of protein-N to non-protein-N were not considerably different between the upper leaf and the lower leaf. Sulok et al. (2007) reported that urea and potassium chloride application significantly increased soil N, K, magnesium (Mg), and sodium (Na) concentrations. Potassium concentration in stems and N in roots were significantly higher under fertilized condition than under unfertilized condition. Due to N and K fertilization, there was significant increase in plant height and number of panicles under fertilized condition compared to under unfertilized condition. Nitrogen, K, Na, and Mg uptake in stem were significantly higher for fertilized condition than under unfertilized condition (Bahmanyar & Soodaee Mashaee 2010) .
The objectives of the present study were to investigate the effect of Si and N and their interaction effects on yield components and shoot ions nutrient compositions and their relationship in rice.
MATERIALS AND METHODS
In order to study the effect of Si and N on yield components and shoot ions nutrient compositions in rice, a hydroponics culture experiment was conducted at the greenhouse of the Rice Research Institute of Iran-Deputy of Mazandaran (Amol) in 2009. Treatments were studied in a completely randomized design (CRD) in factorial arrangement that included two factors (Si and N fertilizer) with three replications. Each factor had three levels including 0, 50, and 100 ppm. The variety under study was Iranian local high quality variety, Tarom. The nutrient solution was prepared according to Yoshida et al. (1976) . For every 4 liters of culture solution to be prepared, 5 ml of each stock solution was added to 1 liter of water in plastic bucket. For N treatments, ammonium nitrate (NH 4 NO 3 ) corresponding treatments were calculated. For Si treatments, potassium silicate solution (26% SiO 2 ) was used for preparation of stock solutions. Seeds were sterilized by soaking them in Benomyl fungicide for 15 minutes. Then they were washed thoroughly by several changes of distilled water. The seeds were soaked for 24 hours and then spread on nylon net stretched over a styropore frame and floated in a tray containing complete culture solution at pH 5. Seedlings were transplanted in each pot. Water was added to each pot at least once a day to supplement water lost by evapotranspiration. The traits including panicle length, unfilled grain, 1000-grain weight, and seed yield were recorded for each plot. For ion extractions, plant samples were ground by mill and then dried in a furnace at 500°C for 2 hours. After that, plant samples were added 5 ml of 2M HCl for digestion and then filtered and diluted by distilled water. The final volume of each sample was 100 ml. Amount of K and Na of each final sample was measured by flame photometer (Isaac & Kerber 1971) . Silicon determination was made as described by Elliot and Snyder (1991) . For analysis of N content, 100 mg of dried shoot was digested with sulfuric acid and o-phosphoric acid in Kjeldahl digestion unit estimated by the method of Lemaire and Meynard (1997) .
The data were subjected to analysis of variance and mean separation by Duncan multiple range test using SAS program version 9 (SAS Institute Inc. 2004).
T a b l e 1
Factorial analysis of variance for yield components and shoot ions compositions in rice
RESULTS AND DISCUSSION
Significant mean square of Si levels was determined for panicle length, unfilled grains, 1000-grain weight; and shoot ions including Si, K, and N indicated that these traits were significantly affected by treatment of Si levels (Table 1 ). All traits were affected by N levels except unfilled grains and K, indicating the importance of the effects of N levels for these traits except unfilled grains and shoot K. Significant interaction effect of Si × N mean square was detected for panicle length, grain yield; and all shoot ions including Si, K, and N, implied that the trend of variations of these traits in levels of each factor depend on to another factor levels. There are several reports of valuable effects of Si in rice crop (Marschner 1995; Takahashi 1995) . Agarie et al. (1993) indicates that Si application was effective in increasing of dry matter production and yield components in the rice crop.
Mean comparison of Si levels for the traits is presented in Table 2 . Panicle length mean value ranged from 22.85 to 23.72 cm for 0 and 100 ppm of Si levels, respectively. Due to increasing Si level, panicle length was increased and also 50 and 100 ppm of Si level had no significant difference effects on panicle length. Unfiled grains were reduced at high levels of Si application levels but there was no significant difference of the trait in 0 and 50 ppm of Si application. The trait 1000-grain weight was increased at high levels of Si. This trait ranged from 23.45 to 24.15 g in 0 and 100 ppm of Si levels, respectively. Due to increase of most yield components at high levels of Si application, grain yield was subsequently increased, and its mean values in three Si levels were classified into two statistical Means, in each column, followed by at least one letter in common are not significantly different at the 1% level of probabilityusing Duncan's test groups ( Table 2 ). The highest grain yield was detected at 100 ppm of Si application. Shoot Si ranged from 5.01 to 6.92 ppm in 0 and 100 ppm of Si of treatment. Shoot K was increased in high levels of Si but shoot N was decreased at high levels of Si application. Shoot K varied from 2.26 to 2.42 ppm in 0 and 100 ppm Si application, respectively. Interaction effects of Si × N means on the traits are present in Table 3 . Panicle length for three nitrogen levels were increased in each Si level but its highest increment was detected at 0 ppm of Si level. Unfilled grain was not affected by N levels but its lower mean values were related to 100 ppm of Si level. The trait 1000-grain weight was increased in high levels of Si application specially at 0 ppm of Si level. Due to increasing N application in each level of Si, grain yield was increased but its highest range was related to 100 ppm of Si level. Bindra et al. (2000) reported that increasing panicle numbers in per unit area is the main factor of yield increment as result of N application. Significant positive correlation was detected between panicle length and grain yield (Table 4) panicle length is good criterion for selection of high yield rice genotypes. Negative correlation between unfilled grains and grain yield, indicating this trait, had reduction effect on grain yield. Shoot Si was statistically affected by nitrogen levels, but the high mean value of this trait was detected in high Si levels. Increasing of N levels in each Si level increases shoot K. Significant negative correlation of unfilled grains with shoot Si and K indicated that increasing these shoot ions had reduction effect on unfilled grains. Significant positive correlation was determined between shoot K and 1000-grain weight, which implied that this trait was affected by indirect effect of silicon via shoot K increasing. Shoot N was increased in high levels of N at 0 ppm of Si level and was decreased in high levels of N at 100 ppm of Si level. Sulok et al. (2007) reported that urea and potassium chloride application significantly increased soil N, K, magnesium (Mg), and sodium (Na) concentrations. Potassium concentration in stems and N in roots were significantly higher under fertilized condition than under unfertilized condition. Bahmanyar and Soodaee Mashaee (2010) were noted due to N and K fertilization, there was significant increase in plant height and number of panicles under fertilized condition compared to under unfertilized condition. Nitrogen, K, Na, and Mg uptake in stem were significantly higher for fertilized condition than under unfertilized condition.
CONCLUSION
In general, N had more considerable effect than Si on grain yield because of its more important effects on yield components. The highest Si level (100 ppm) had significant effects on yield components and consequently significant effect on grain yield. Significant negative correlation of unfilled grains with shoot Si and K indicated that increasing these shoot ions had amendment effect on unfilled grain. Among yield components, panicle length had significant correlation with grain yield; therefore the trait can be considered as selection criterion for improving grain yield.
